Characterization of three glycosyltransferases involved in the biosynthesis of the phenolic glycolipid antigens from the Mycobacterium tuberculosis complex.
Mycobacterium tuberculosis and Mycobacterium leprae, the two main mycobacterial pathogens in humans, produce highly specific long chain beta-diols, the dimycocerosates of phthiocerol, and structurally related phenolic glycolipid (PGL) antigens, which are important virulence factors. In addition, M. tuberculosis also secretes glycosylated p-hydroxybenzoic acid methyl esters (p-HBAD) that contain the same carbohydrate moiety as the species-specific PGL of M. tuberculosis (PGL-tb). The genes involved in the biosynthesis of these compounds in M. tuberculosis are grouped on a 70-kilobase chromosomal fragment containing three genes encoding putative glycosyltransferases: Rv2957, Rv2958c, and Rv2962c. To determine the functions of these genes, three recombinant M. tuberculosis strains, in which these genes were individually inactivated, were constructed and biochemically characterized. Our results demonstrated that (i) the biosynthesis of PGL-tb and p-HBAD involves common enzymatic steps, (ii) the Rv2957, Rv2958c, and Rv2962c genes are involved in the formation of the glycosyl moiety of the two classes of molecules, and (iii) the product of Rv2962c catalyzes the transfer of a rhamnosyl residue onto p-hydroxybenzoic acid ethyl ester or phenolphthiocerol dimycocerosates, whereas the products of Rv2958c and Rv2957 add a second rhamnosyl unit and a fucosyl residue to form the species-specific triglycosyl appendage of PGL-tb and p-HBAD. The recombinant strains produced provide the tools to study the role of the carbohydrate domain of PGL-tb and p-HBAD in M. tuberculosis pathogenesis.